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INTRODUCTION
Agriculture is the main source of livelihood for a majority of people in developing countries. In Nepal, it not only contributes about one third of the GDP but also provides employment for more than two thirds of the population (MOF, 2015) . However, improvements in rural incomes crucially depend on productivity-enhancing infrastructure, irrigation being one of them. According to estimates, about 1.8 million ha of land in Nepal is irrigable. However, currently, only 1.2 million ha of this area is under irrigation although the facility is not available even for this land throughout the year. The total irrigated area, as a % of the total cultivable area in Nepal, is only 28 % (NPC, 2011) . In Nepal, both the state and the farmers play a role in creating and maintaining irrigation infrastructure. In areas where irrigation is by surface water through gravity flow, it needs either community or state involvement for both proper maintenance and for equitable water distribution.
Irrigation has typical common pool resource features of non-excludability and rivalry. While it may be difficult to exclude any farmer in the command area from utilizing 1 The paper is the outcome of the research on Transaction cost and evolution of new institutions in Farmer's Managed Irrigation System in Nepal, with the support of University Grant Commission. We want to thank University Grants Commission for providing support for the research work. The authors are also thankful to Dr. Nayan Krishna Joshi for his valuable inputs on the paper.
irrigation water, its use upstream will indubitably reduce its availability to those living downstream of the canal. Thus, water allocation and provisioning are two potential problems associated with the management of irrigation systems (Ostrom, 1990) . However, the operation and maintenance of an irrigation system requires coordination among many farmers. Unfortunately, resource management is riddled with conflicts and free-rider problems which often result in poor maintenance (Tang, 1992) . Solutions to such problems lie in either a strong institutional mechanism operated by the state or collective action.
The institutional development of collectively managed irrigation systems assumes importance in such a context. Institutional development, however, has a symbiotic relationship with transaction costs. Although analyses of institutions typically associate efficiency with lower transaction costs (Ostrom, 2005) , in situations where institutions are still evolving, a higher transaction cost may lead eventually to a more efficient and robust institution whereas a lower transaction cost may result in a weak or dysfunctional institution. As institutions evolve, transactions costs may change depending on the existing state of cooperation. Among the factors that influence successful collective action are homogeneity, prior history of collective action, size of group, resource, and costs and benefits of cooperation (Agrawal, 2001; Bardhan, 2005; Sethi & Somanathan, 2006) .
Nepal has approximately 16,000 Farmer-Managed Irrigation Systems (FMIS) which irrigate approximately 714,000 ha (i.e., 67% of the total irrigable area) of the country (Pradhan, 2002; Lam, 1998; Shivakoti, 2007) . Since irrigation development has been a community level concern given the nature of the terrain in the hill tracts, it is important to understand how transactions costs influence agricultural productivity. With this objective in mind, we adopt an econometric model in this study to analyze the relationship between transaction costs and productivity.
Four key factors in natural resource management influence transactions costs: uncertainty, asset specificity, frequency of decision-making, and care or effort intensity (Williamson, 1991) . Uncertainty about a resource, which could be due to natural factors (such as natural disasters, timing of monsoons, etc.) or man-made factors (such as security of property rights, etc.), can result in high levels of transaction costs. Similarly, the frequency of decision-making could raise transaction costs since transaction requires time, ranging from daily to seasonal, and resource commitment from involved agents (Birner & Wittmer, 2004) . Asset specificity, on the other hand, describes the investment in physical assets that are essential in a particular transaction for the production and use of the resource (Birner & Wittmer, 2004) . In the case of effort-and care-intensive transactions, the former describes production activity while the latter describes protection activity (Fenoaltea, 1984) .
Transactions costs exist at several resource management stages: description of the resource use context, regulatory design, and implementation of agreed rules (Hanna, 1995) . In the case of community-based resource management of irrigation water, farmers incur costs in the form of negotiation, in monitoring activities related to the institutional design, in maintenance of the organization, and enforcement of rights over the water. We therefore classify the transaction cost into two broad categories, ex-ante and ex-post costs, which we in turn divide into five broad activities: (i) watching, waiting and negotiating (WWN), (ii) meeting, (iii) conflict resolution, (iv) communication, and (v) formation costs. While WWN and "conflict resolution" are ex-post transaction costs, "communication" and "formation" are ex-ante transaction costs. Meeting costs, depending on the nature of the meeting, could be either ex-ante or ex-post. If the existing institutional structure changes, the transaction cost structure may also change. Co-management has the potential to increase the ex-ante transaction costs although it may also result in a reduction in ex-post transaction costs (Kuperan et al., 1998) .
Previous studies have shown that transaction costs can vary across regions and sectors. In Kenya, transaction costs of landowners arising from collaborative wildlife management were relatively low (Mburu et al., 2003) but in the Philippines, monitoring alone accounted for more than 50% of the total costs of co-management in the fisheries (Kuperan et al., 1998) . The transaction costs accounted for 37% of the total costs in another study from the Philippines of a community-based coastal management program where the share of the transaction cost was as high as 74% of the total cost in the implementation phase (Sumalde & Pedroso, 2001 ). Adhikari and Lovett (2006) found transaction costs to be a major component of resource management costs in the community forestry sector ranging between 9-14% of the total cost in Nepal. Another study based on two irrigation systems located within the Kathmandu Valley distinguished between the conveyance and congestion costs for canal maintenance. When the conveyance cost of water was high, all farmers paid the maintenance fee regularly, but when upstream farmers showed reluctance to cooperate with downstream farmers, congestion costs became important and farmers paid more for WWN (Osanami & Joshi, 2005 
RESEaRCh METhODOlOgy

Study area
Two districts, one Kathmandu, located at central development region and the other Palpa, located at western development region were selected for the purpose of the study. Total population of Kathmandu District is about 1.7 million of which about 60 % reside within urban centers and about 40 % reside in the countryside. Annual growth rate of Kathmandu district is 4.76 during (CBS, 2010 . Similarly total population of Palpa District is only about 0.27 million, about 90 % of the total population reside in rural area and only 10 % population reside in urban centre. The growth rate of population during 2001-2011 is only 0.03 % (CBS, 2011). Total cultivable area in Kathmandu is 11,914 hectare (ha.) and in Palpa 28,714 ha.. The major cereal crops in these two districts are paddy, wheat, maize and millet. Potato, oilseed and vegetables are the major cash crops. Among these crops paddy, wheat, potato and vegetables need irrigation water.
Sampling Frame and Data Collection
As a first step, we listed all the irrigation system within these two districts. About 191 systems are listed in Kathmandu districts. Most of them are working and providing irrigation to the cultivable land of Kathmandu. However, some of them are not in function due to the urbanization and massive land plotting in Kathmandu. In Palpa about 40 systems are found in the record of the District Irrigation Water Users Association office. These systems irrigate the land from 3 hectare to 209 hectare land. Six systems from Kathmandu districts and five from Palpa district are selected with purposive sampling for the detail field work. Ten households from each system are selected with stratified random sampling technique. All systems were divided in up and down stream and equal number of households (5) from each sub-system are selected randomly from the households within the system. The total number of households selected for the study is 108. Though the number is relatively small it covers all strata i.e. up and down stream and hence it may represent the households of the selected system.
Considering these information, two sets of questionnaire were prepared and pretested in Khokana Raj Kulo of Lalitpur. Revision on the questionnaire was made with the outcome of the pre-test. The information from the households and the system was collected with the help of separate structured questionnaires. The system-level questionnaire recorded the characteristics of the Water User Associations (WUA) and the canal system while the household-level questionnaire included questions about the respondent's and household's demographic and socio-economic characteristics and their agricultural practices. It also recorded the time spent on different components of transaction during the two seasons, winter and summer, of the previous year, which was the year 2011.While the survey collected socio-economic information, institutional information, return and cost on farm its main focus was on transaction cost information.Additional information was also gathered with the PRA technique and also from key informants.
Method adopted to Measure the Transaction Cost
Transaction costs are incurred by the irrigation water users at both the organization/ system and household levels. System level transaction costs occur both at the ex-post and ex-ante stage (for organization formation). Meetings, registration and negotiation costs are ex-ante in nature as they arise prior to the formation of an organization. Ex-post cost, on the other hand, is the time cost for meetings, conflict resolution and communications (Bhattarai, 2007) . We also calculated transaction costs at the household level where we include the cost for watching, waiting and negotiating cost as post organization formation cost but incurred during irrigation management. Methods of estimating transaction costs are given in Table 1 . Transaction cost estimation involved a direct monetary measurement as well as an imputed one. The direct measure included payments to hired labour for watching and waiting while the imputed costs included contributions in terms of time by members of the household for various activities. To measure the imputed cost of time spent by individuals in organizational work we valued the opportunity cost at the average wage rate of peak and slack season.Association/organization Formation cost is a onetime fixed cost which is calculated on the basis of the time and resources devoted by farmers at the time of formation of the organization/association. Hence the lowest interest rate of the bank for lending was used to estimate the annual transaction cost of formation.
The total annual transaction time was estimated by adding the time incurred by households at the system level as well as at the household level. In order to make these compatible, the system level total annual transaction time was divided by the total number of households within the system and added it to the household level transaction time. In order to avoid the problem of double counting, the general meeting time at the system level was not added to the total transaction time since this was already accounted for in the household's transaction cost estimation. Every 8 hours was considered as one working day to arrive a day measure for time costs.
FINDINgS OF ThE STUDy
Demographic Characteristics
The total population of the selected household is 619 and the average size of the household is 5.73. The average size of the household in Kathmandu is slightly smaller (5.37) than the average size of Palpa (6.16) . It is rational since Palpa have more rural area than Kathmandu and rural population have more household size than urban population.
The average sample household size of both the district is slightly higher than the district average census data (i.e., 3.71 and 4.28 for Kathmandu and Palpa respectively). It may be because of the surveyed household are more rural household who work in the farm whereas the urban household within the district also have lower household size to that of the rural household. Of the total population 326 are male and 293 are female. The male population is slightly higher than the female population. It also may be due to the male dominated society in rural farm households. Of the total Population17 % are under the age of 14 and about 10 % are above the age of 60. Thus nearly 24 % of the total population is dependent population. About 50 % of the population is economically active population.
About 22 % of the total population were illiterate and about 42 % of the population were SLC or above. However the share of illiterate population in Palpa was 25 % whereas it was only 21 % in Kathmandu. Similarly the people having the education of above SLC are about 44 % in Kathmandu whereas it is only 39 % in Palpa. Among the household head about one third are illiterate.
Major occupation of the household is farming. Among the total population 40 % are engaged in agriculture and one third are students. About 8 % are aged or child whereas about 12 % are engaged in business and salary work. About 6 % are in foreign job. The people engaged in salary and wage work are 12 % Kathmandu whereas they are only 3 % in Palpa. Similarly about 9 % of the total population in Palpa are in foreign job whereas it is only 3 % in Kathmandu.
Organization Structure
Among the 11 canals of the two districts, 7 canal system have the registered organization. Two of them have no organization. These systems are not functioning properly. Two other systems have informal organization but do not have any committee to govern and manage the organization. Thus there are only seven canal systems which have organized committee and the remaining four have not any committee to govern the canal system. As a registered organization at least two female must be executive members. Hence must of the registered organization have 2 female members in the committee. However, in case of Chherlung Raj Kulo only male members are in the executive committee and in Bishwambhara only one female member is in executive committee.
Construction of the Canals
Among these six irrigation systems in Kathmandu two were constructed during the Malla period, that is, about 3000 years back, 3 were constructed 100 years back and the one was constructed about 36 years back. Almost all the canals except one were constructed by the ancestors of the user farmers with their contribution of labour. However, one canal i.e. Bishwambhara Raj Kulo, was constructed with the support of Indian Government. They do not have any record of farmer's contribution as these canals were constructed by their ancestors and there is no record of the construction activity. Again during 1970's and first half of 1980's government repaired the canals and managed totally with public resources. Out of five canals in Palpa, two, canals were constructed more than 100 years back, two were constructed 70 years back and one was constructed about 45 years back.
Management Provision
There is a provision of Jimmuwal and Mukhiya
4
. Traditionally Jimmuwal and Mukhiya inform for Jhara 5 and used to collect the Khara 6 in three canals of Palpa that is in Chherlung, Jethi Raj Kulo and Maili Raj Kulo. However, after 2022 BS (bikram sambat) the responsibility was given to only Mukhiya. Mukhiya works as the chairman of the canal. Mukhiya is the person who handles the management of the canal. If some farmers need more water they need to request to Mukhiya and he manages the water. For repair and maintenance in Chherlung one share (1 inch water) need to contribute one day for canal repair at least twice in a year, which they term the name as Jhara. The individual, who do not contribute Jhara, should pay Khara as penalty. The amount of penalty is Rs 100 in winter and Rs. 70 for the summer. Those who own small share of water will get remuneration for the work in the canal In Jethi and Maili Raj Kulo one Jhara should be provided as per the 20 Matomuri 7 . Those who do not participate labour to repair the canal Rs. 120 penalty should be paid as Khara. Women are prohibited to participate as Jhara for the repair of the canal. However, women can participate for construction work. Those single women without child should pay Khara. However, single women with child are exempted from Jhara and Khara with the assumption that the baby after grownup can participate in the repair work in the future. Jimmuwal and Mukhiya need not pay Jhara and Khara. Normally the work of Jimmuwal and Mukhiya is being handled by the same family as heredity. Each year in May 28-29 there will be general assembly. In that day all the income and expenditure during a year as well as the participation of Jhara and Khara will be disclosed and penalty amount of Khara for non-participation in Jhara will also be decided and declared. Jimmuwal and Mukhiya will also be elected on the day of general assembly.
4 Jimmuwal and Mukhiyawere authorized to collect the land revenue in the given village area during Rana regime. The same people were authorized to head the canal management committee traditionally.
5 Jharais used for the labour contribution for repair and maintenance of the canal. If the canal damaged by flood and landslides then Mahajhara will be applied. In case of Mahajhara more labour should contribute for the repair and maintenance of the canal.
6 Khara is used for the penalty payment in case of not able to contribute the Jhara as per the rule and regulation of the canal system. The amount of Khara is fixed by the meeting of the users committee.
7 Matomuri is the traditional measure of land area. 1 matomuri is equivalent to o.0125ha of land area.
In case of floods and landslides during rainy season there is a system of contributing labour by all users equally till the completion of work. In such situation there is no equity rather the system is regressive. However, there is no objection by the small land owners till this time. Mukhiya maintain the attendance of such Jhara. The labour contribution in case of floods and landslides is called as Mahajhara. Those who do not participate in the Jhara should pay Khara.
There is no provision of water guard in the studied canals of Palpa. After the completion of repair and maintenance the whole responsibility of the canal will be taken by Mukhiya. Mukhiya will request to Jimmuwal for the allocation of labour by users. Then Jimmuwal will allocate labour for each user as per the ownership of irrigated land. Each water user should participate as water guard to watching, waiting and negotiating in the canal.
There is no provision of Jhara and Khara in Kathmandu. As all the canals were constructed either by their ancestors or by the contribution of the government or donor agency, the present farmers have little or no contribution for the construction of the canal. The farmers are organized and registered just to receive the fund from the government. Most of the canals in Kathmandu get resources for the repair and maintenance of the canal. There is not any system of users' fee payment and there is also not any provision to exclude the nonmembers for the use of the canal.
Cultivation Practices
In Palpa the land is highly fertile. The farmers cultivate paddy, wheat, maize, potato and vegetables. Similarly in Kathmandu, the farmers cultivate paddy, wheat, maize, vegetables and potato. Agriculture cooperative and other organizations are also existent within the system. Table 2 shows the share of transaction to total production cost and return on the farm. The share of transaction cost to total cost ranges from 2.3 to 6 % and it is highest in case of Palpa whereas it is lowest in case of Kathmandu. In terms of value of output it ranges 1.3 to 2.4 %. The share of transaction cost to total value of output is lowest in case of Kathmandu and is highest in case of farmers with unreliable water. However, such difference may be due to the differences in prices of inputs and output in Kathmandu and in Palpa. Hence to minimize the effect of differences in prices attempt is made to compare the share of transaction cost with net return (Average value of output-Average production cost per hectare). In comparison to the net return the share of transaction cost is lowest when water is more reliable and the share of transaction cost is highest when the water in not reliable. It is not much difference between the districts. When farmers enjoy free riding transaction cost is low and when they control for free riding the share of transaction cost to net return is relatively high. The share of transaction cost to net return is high to those farmers located at downstream of the canal compared to those farmers located in upstream.
Transaction Cost, Production Cost and Return from the Farm
There are not many studies on the Transaction Costs in FMIS hence it is hard to say whether the transaction costs estimated under the present analysis is high or low. The findings of the present study are however, consistent to Mburi et al. (2003) and Bhattarai (2011) who studied the transaction costs in collaborative wild life management in Kenya and Transaction Costs in FMIS in Kathmandu Valley respectively. However, the findings reveal that the annual transaction cost in FMIS is relatively low compared to community forestry in Nepal. Adhikari et al (2006) , for instance, found that the annual transaction cost for a household in community forestry ranges between 9-14 % of the total cost which is much higher than the present study where, it is just about 3 % in an averages and is below 6 % in all the cases and it is less than 2 percent of the total value of the return.
Econometric Model
One of the important factor that determine the productivity of farms is the availability of water at the farm level, which in turn is determined by the existence of canal and maintenance and operation status (Bhattarai, 2011) . There is high uncertainty in the water flow of irrigation and this poses a challenge to the efficient management. For efficient management and for the smooth flow of water it is required to have better institution for which more transaction cost is required. The productivity of the land also depend upon the physical condition of the canal system as well as the private investment by the farmers for the construction of the canal, repair and maintenance cost, location of the cultivated farm.
Since the study focusses on the institutional development and the transaction cost we examine the impact on production of factors like farm location, infrastructure quality, free riding, reliability of irrigation, transaction costs etc. There is much variation in the value of output and the cost of input among the studied irrigation systems. Thus attempt is made for the estimation of net return (total value of output-total production costs). Total production costs include the human labour cost, animal labour cost, and cost of the inputs, that is, chemical fertilizer, pesticides and seeds. In functional form, the model is:
Net return per hectare of output = f (per hectare total transaction cost, reliability of irrigation, farm location, private investment, free riding, infrastructure quality)……… (1)
These variables are expected to impact on net farm income in different ways. The expected direction of these variables is presented in the Table 3 . +ve More reliable the irrigation facility more will the return from crop in the farm.
Table3: Definitions of Variables and Expected Signs
Locat_ dum
Location of the farm 1 for Up and 0 for down (D) +ve It is assumed that farther the farm location from the source of the canal the water availability will be low and output will also be low. We anticipate that all the variables have positive impact on return from farm. In order to estimate the impact of the variables that affects the net return on output per hectare, the following multiple linear econometric model with OLS method is used.
Regression Results
Tables 4 and 5 show the summary statistics of the variables used in the regression and the output of the regression. Regression result shows that the total transaction cost has a positive impact on the net return on output as expected. Similarly private investment has a significant positive impact on net return on output. When farmers contribute not only for the repair maintenance and management of the canal rather for the construction of canal and manage the canal with clearly defined property rights and suitable institutional settings, the net return on the farm increases significantly. This gives the ample reason in favor of the clearly defined property rights for successful of any institution.
Reliability of irrigation also has a significant positive impact on net return on output as expected. The coefficient of free riding is positive and significant. The free riders enjoy benefit of public good at the cost of other. This is one of the examples of classic dilemma of commons. Infrastructure quality also has positive and significant impact on net return on the farm output as expected.
The coefficient standard errors in Table 5 are based on the asymptotic approximations and may not be true when the sample size is small, as in our case. To overcome this, we use bootstrapping (Efron &Tibshirani, 1993) . There are two ways of bootstrapping a regression. The first approach assumesthat explanatory variables are random while the second approach treat these as fixed. The results in Figure 1 and Table 6 are obtained using the first approach where we set the sample size to be the observed sample size and number of replications to be 1000. The distribution of the bootstrapped regression coefficient for total transaction cost is shown in Figure 1 along with the percentile confidence interval for the coefficient. The distribution agrees with the normal. 8 The bootstrap standard errors of the coefficients on total transaction cost and other explanatory variables are slightly larger than the asymptotic standard errors (Figure 1 and Table 6 ). Table 6 also shows that there is little bias in our original coefficient estimates. Moreover, the coefficients are still significant and so our original findings still holds.
DISCUSSION aND CONClUSION
The study recorded the size and major components of transaction costs in FMIS in Hilly districts of Nepal. There are mainly five elements of transaction costs i.e. watching, waiting and negotiating cost, meeting cost, communication cost, conflict resolution cost and formation cost. Among these the share of watching, waiting and negotiating cost is about 70% followed by meeting cost 20% and formation cost 6 % and conflict resolution cost 4%. The communication cost is negligible. The share of total transaction cost is nearly 3 %of the total cost of production and net farm return.
Per hectare transaction cost is highest to those households who do not contribute for the construction of the canal. On the other hand those households who invested for the construction of the canal has lowest transaction cost per hectare. While comparing to the net return the share of transaction cost is lowest when water is more reliable. When farmers enjoy free riding transaction cost is high and when they control for free riding the share of transaction cost to net return is relatively low. The share of transaction cost to net return is high to those farmers located at downstream of the canal compared to those farmers located in upstream.
Those systems which give more time for the repair and maintenance of the canal also maintain the good quality of the canal. However, those who invest less in the repair and maintenance also have bad canal quality and low reliability of water. Reliability of irrigation also has a significant positive impact on net return on output as expected.
Free riders have higher farm revenue as they have no obligation towards the irrigation management. The free riders enjoy benefit of public good at the cost of other. This justifies the existence of classic dilemma of commons. Infrastructure quality also has positive and significant impact on net return on the farm output as expected. Better infrastructure quality may help for more return from the farm. It is also clear that those who invest in both monetary and physical resources for the construction and repair and maintenance are able to manage the canal in better way with a clearly defined property rights. These systems are also able to generate more income from the farm.
This highlights that the private participation for the construction as well as for the management of the canal helps for the better performance of the canal and institution. On the other hand systems which were totally managed by the government and recently transferred to the users does not work properly since such system always seek the resources from the government for the repair and maintenance of the canal and they organize just for the purpose of seeking fund from the government organization.
Similarly well-defined rules also helps for the better performance of the canal. In some canals like Chherlung, Jethi and Maili Raj Kulo have well defined rules for the management and water distribution as well as repair and maintenance of the canal.
There is a well-defined property right over the use of the canal water. Hence the regularity of the water flow is good, infrastructure quality is also good and hence the return from the canal is also better.
The findings also show that physical condition of the system also makes the system failure. For example when there is more rocky part and large land slides in the canal system it would be difficult in the part of the farmers to repair and renovate the canal. In such situation they need external help. To find the external help it needs coordination and approach to the central and local government. However, in the absence of strong and effective rules and regulation it becomes difficult to coordinate, organize and seek external support. Equity problem is also one of the causes of system failure. If all farmers irrespective of their irrigable land holdings should contribute equally, then farmers with small ownership are reluctant to participate.
Overall, the study suggests that transaction costs related to the setting up and running the water users association are low, that is, nearly 3 % of the total cost of production and net farm return and in comparison to community forestry it seems to relatively low. Even though transaction costs are low, they contribute positively and significantly to net farm income. This shows that it makes some sense for farmers to contribute in the setting up and management of Water Users Association (an institution for the management of the irrigation canal).
One of the reasons for failure of system is the no proper rules of exclusion to nonmembers or non-contributors. Which results a free riding and hence a problem of common resources emerge and become difficult to manage the canal system. Bad decision of the government is also found as a reason of nonfunctioning of the canal. Government took over the management from the farmers and later hand over to the farmers without resources also contributed for the failure of the system. Farmers now feel that the management of the canal is the function of the government and it is not necessary to contribute for the construction of the canal. As such they are not ready to pay the fee to the water users committee and the water users committee formed for the management of the canal are just institution for the searching of external fund. Hence farmers' proper participation with well-defined rules and regulation can help for the better and sustainable management of FMIS in Nepal.
In systems which were managed by the government and transferred to the farmers, farmers have a feeling that all the cost for the repair and maintenance of the canal should be borne by the government. To change such feeling government should made mandatory provision of raising irrigation fee as per the land ownership. This may raise some fund and the water users committee may utilize such fee for the repair and maintenance of the canal.
New construction and repair and maintenance of the canal should be only with the real participation of the farmers. Government should make mandatory provision of raising irrigation fee as per the land ownership. This may raise some fund and the water users committee may utilize such fee for the repair and maintenance of the canal which may improve the reliability of the water to the farm and better productivity.
The regression model shows that the reliability of irrigation, infrastructure quality and private participation are much more important variable for the increase in net farm return. Hence the government should give emphasis for the improvement in the quality of the canal with the proper participation of the farmers. 
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